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Abstract:

Objective:

In order to clarify indications for therapeutic hypothermia, we retrospectively examined patients resuscitated after Out-of-Hospital
Cardiac Arrest (OHCA) who recorded an Auditory Brainstem Response (ABR) wave V according to the Utstein-style guidelines.

Methods:

Patients who recorded an ABR wave V immediately after resuscitation from OHCA were kept at 34 °C for 48 hours. The cohort was
divided into two groups: A favorable neurological outcome group (F group: N=12) and an unfavorable neurological outcome group
(U  group:  N=14).  Favorable  neurological  outcome  was  defined  as  Pittsburgh  Cerebral-Performance  Scale  (CPC)  1  or  2  and
unfavorable  as  CPC  3-5.  Data  used  to  compare  the  groups  included  whether  CA  was  witnessed,  if  a  bystander  initiated
cardiopulmonary resuscitation, presence of cardiac etiology, initial cardiac rhythm and elapsed time from emergency call receipt
until Return of Spontaneous Circulation (ROSC).

Results:

Elapsed time from receipt of the emergency call until ROSC was significantly shorter in the F group than in the U group. ROC curve
analysis indicated that the cut-off duration was 28 minutes for a favorable neurological outcome.

Conclusion:

For OHCA patients with an ABR wave V, elapsed time from receipt of emergency call until ROSC may be an important parameter
within the Utstein-style guidelines to determine the usefulness of therapeutic hypothermia.
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1. INTRODUCTION

Two multi-center randomized clinical studies reported that Therapeutic Hypothermia (TH) improved outcome in
patients suffering Out-of-Hospital Cardiac Arrest (OHCA) [1, 2]. Nielsen et al. showed that hypothermia at a targeted
temperature of 33°C did not confer more benefit compared to that at a targeted temperature of 36°C in OHCA patients
[3].  These  studies  led  to  an  international  consensus  in  2015  recommending  a  Targeted  Temperature  Management
(TTM) between 32°C and 36°C for OHCA patients. However, the international  consensus  also  indicated  that there is

* Address correspondence to this author at the Division of Emergency and Critical Care Medicine, Department of Acute Medicine, Nihon University
School of Medicine, 30-1 Oyaguchi Kamimachi Itabashi-ku, Tokyo, 173-8610, Japan, Tel: +81-3-3972-8111; Ext: 2800; Fax: +81-3-5964-8037; E-
mail: sakurai.atsushi@nihon-u.ac.jp

http://benthamopen.com
http://crossmark.crossref.org/dialog/?doi=10.2174/1874220301805010033&domain=pdf
http://www.benthamopen.com/MEDJ/
http://dx.doi.org/10.2174/1874220301805010033
mailto:sakurai.atsushi@nihon-u.ac.jp


34   Open Medicine Journal, 2018, Volume 5 Sakurai et al.

insufficient evidence to recommend a specific approach to predicting outcome in post-cardiac arrest patients treated
with TH [4]. Further study to specify indications for TH is needed.

We previously reported that an absence of Auditory Brainstem Response (ABR) wave V in the early phase after
Return Of Spontaneous Circulation (ROSC) indicated a reduced effect of TH. In this study, ABR was measured in 26
patients immediately after admission to the Intensive Care Unit (ICU). ABR wave V was detected in 16 patients, of
which  8  patients  experienced  a  favorable  outcome.  ABR  wave  V  was  not  detected  in  10  patients,  of  which  all
experienced an unfavorable outcome. The presence of ABR wave V had a 100% sensitivity towards favorable outcome
[5].  Therefore,  we  concluded  that  measurement  of  ABR  may  be  a  useful  criterion  for  excluding  therapeutic
hypothermia. However, 50% patients with ABR wave V had an unfavorable outcome. We also reported that a shorter
time  interval  from receipt  of  emergency  call  to  ROSC was  the  only  important  independent  factor  to  achieve  good
neurological outcome in patients with Post Cardiac Arrest Syndrome (PCAS) [6]. Length of collapse time is important
in whole brain ischemia in patients with PCAS. Combination evaluation using ABR and collapse time may predict
outcome more accurately for post-resuscitated patients recieving TH after Cardiac Arrest (CA). To clarify prediction of
favorable outcome and indications for TH treatment, we retrospectively examined data for a preliminary approach for
patients resuscitated after OHCA who recorded an ABR wave V according to the Utstein style guidelines. It seems very
important that in this study, outcome could be predicted immediately after admission to the ICU.

2. MATERIALS AND METHODS

This  study  was  approved  by  the  Ethics  Committee  of  our  hospital,  the  Nihon  University  School  of  Medicine,
Itabashi Hospital of Tokyo, Japan (RK-130816-6). We retrospectively reviewed 26 patients who were resuscitated from
OHCA and were identified with an ABR wave V from April 1996 to July 2006. During this time 1,740 patients came to
the emergency center, of which 489 were resuscitated and admitted to the ICU. All patients were treated with TH as
mentioned in  the  protocol  of  the  previous  study [5].  TH was  performed after  obtaining  informed consent  from the
patients’ families. In this study, exclusion criteria included: patients with unstable hemodynamic conditions and those
who met any of the following conditions: hypotension despite maximum catecholamine infusion (mean arterial pressure
less than 60 mmHg or systolic arterial pressure less than 90 mmHg); oxygenation failure (PaO2/FiO2; PF ratio of less
than 200); possible causes of coma other than cardiac arrest (head trauma, cerebrovascular disease, drug overdose);
cardiac  arrest  due  to  hemorrhage;  terminal  stage  chronic  disease;  and/or  inability  to  communicate  (ordinary
conversation is not possible). Data about the cardiac arrests of the individual patients were recorded in the Utstein style
[7]. The following factors were examined: age, gender, whether the cardiac arrest was of cardiac origin, whether CA
was witnessed, initial cardiac rhythm, bystander CPR and elapsed time from emergency call receipt until ROSC. After
establishing ROSC, ABR was recorded at bedside in the ICU (Synax 1100, Nihon Electrical Company, Tokyo, Japan)
using  needle  electrodes.  Immediately  after  admission  to  the  ICU,  ABR  was  recorded  using  the  classical  method
previously  mentioned.  Only  patients  with  a  recorded  ABR  V  wave  were  included  in  this  study.  Temperature  was
maintained at 34°C for 48 hours from the start of cooling. The patients were gradually rewarmed at a rate of 1°C per
day.

Primary outcome was considered neurologically favorable in cases of hospital discharge or transfer, defined as level
1 (good recovery) or 2 (moderate disability) according to the five-category Pittsburgh cerebral-performance scale [7].
Three other levels, namely, 3 (severe disability), 4 (a vegetative state) and 5 (death), were defined as unfavorable.

Regarding the distribution of patient characteristics and clinical parameters, Fisher's exact test or non-paired t test
was used to compare the F group with the U group. Sensitivity and specificity of each examination was calculated to
assess  the  accuracy  of  the  diagnostic  values.  To  estimate  reliability  and  meaning  of  the  data,  Receiver  Operating
Characteristic  (ROC)  curve  analysis  was  applied  and  the  Area  Under  the  Curve  (AUC)  was  compared  with  the
continuous data which showed significant difference. Data were presented as mean ± standard deviation. A p value less
than 0.05 was considered to indicate statistical significance.

3. RESULTS

Among 26 patients, 12 experienced a favorable outcome and 14 unfavorable. Two patients died without cognitive
function from pneumonia and cardiac failure, respectively. In the F group, age was significantly lower and elapsed time
from  emergency  call  receipt  until  ROSC  was  significantly  shorter  than  for  the  U  group.  No  significant  difference
between the two groups was observed in the data regarding gender, whether the cardiac arrest was of cardiac origin,
whether CA was witnessed, initial cardiac rhythm and bystander CPR (Table 1).
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Table 1. Comparison of characteristics at the patients between favorable outcome group and unfavorable outcome group.

Outcome Favorable Unfavorable P value
 (n= 12) (n= 14)

Age (y) 52.9±16.4 66.0±11.2 0.0243
Gender (male / female) 8/4 12/2 0.4950

Cardiac/non-cardiac 10/2 12/2 0.9999
Arrest witnessed / non-witnessed 10/2 12/2 0.9999

VF or VT / another rhythm 8/4 9/5 0.9999
Bystander CPR / not 3/9 2/12 0.6348

Call receipt to ROSC (min) 18.0±7.6 38.6±19.7 0.0023
Mean  value  ±  S.D.:  Favorable  outcome:  1(good  recovery)  or  2  (moderate  disability)  at  the  Pittsburgh  Cerebral-Performance  Category  (CPC),
unfavorable  outcome CPC3 (severe  disability),  4  (vegetative  state)  or  5  (death),  ABR:  Auditory  Brain  Stem Response,  VF or  VT:  Ventricular
Fibrillation /  pulseless  ventricular  tachycardia,  another  rhythm:  Pulseless  electrical  activity  or  asystole,  CPR:  Cardio-Pulmonary Resuscitation,
ROSC: Return of Spontaneous Circulatio

In ROC analysis,  only elapsed time from emergency call  receipt  to ROSC was significant,  and Area Under the
Curve (AUC) was 0.798 for favorable outcome. Change in sensitivity and specificity according to this time interval is
shown in Table 2. Maximum product of sensitivity (0.917) by specificity (0.714) was 0.659 at 28 minutes.

Table 2. The alteration of sensitivity and specificity for favorable outcome depending on time interval from call receipt to
ROSC.

Time Interval (min) Sensitivity Specificity
8.0 0.000 1.000
9.5 0.083 1.000
11.0 0.167 1.000
12.5 0.167 0.929
13.5 0.250 0.786
14.5 0.333 0.786
15.5 0.417 0.786
16.5 0.500 0.786
17.5 0.583 0.786
19.0 0.667 0.786
21.0 0.750 0.786
23.5 0.833 0.786
28.0 0.917 0.786
34.0 0.917 0.571
37.5 1.000 0.500
43.0 1.000 0.429
49.0 1.000 0.286
54.5 1.000 0.214
61.5 1.000 0.143
69.0 1.000 0.093
75.0 1.000 0.071

4. DISCUSSION

This study demonstrated that, for patients resuscitated after OHCA and who showed ABR wave V immediately after
resuscitation and were treated with TH, the time interval from emergency call receipt until ROSC was significantly
shorter for the F group than for the U group. At this time interval, ROC analysis showed an AUC of 0.798 for favorable
outcome and maximum product of sensitivity by specificity was reached at 28 minutes. These facts suggest that in post-
resuscitated patients with long-term ischemia, even if some brain stem function exists and the patient is treated with TH,
poor outcome might be predicted.

In an experimental study using dogs, TH improved neurologic outcome and histopathological change of CA for 12.5
minutes caused by VF [8]. However hypothermia therapy did not work with CA for 17 minutes [9]. These facts suggest
that TH may have a time limit regarding duration of circulatory arrest to mitigate brain damage. Safar et al. indicated
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the importance of shortening the length of circulatory arrest to improve outcome [10]. We reported that a shorter time
interval until the return of spontaneous circulation was the only independent factor for a good neurological outcome in
patients with PCAS [6]. Oddo et al. showed that TH was of particular benefit in patients with a short duration of CA (<
30 min) [11]. The recent study also demonstrated that sensitivity to favorable outcome was 91.7% for an interval less
than 28 minutes from emergency call receipt until ROSC. These facts suggest that ischemic duration may be crucial in
determining brain damage. We could predict outcome and use the indication criteria for TH in patients resuscitated
during this ischemic period.

Generally, patients suffering CA of cardiac origin, those whose collapse was witnessed, those with VF and VT at
the initial cardiac rhythm and those who received bystander CPR tend to have a favorable outcome [7, 12 - 14]. In this
study, we included patients only with ABR V waves immediately after resuscitation from CA. These patients may retain
some brain stem function and tend to have good survival outcome. Of 26 patients included in this study, only 2 died
from complications. In these patients, no significant difference between the two groups was observed regarding cardiac
origin,  witnessed collapse,  initial  cardiac rhythm and bystander CPR, but differences in age and elapsed time from
emergency call receipt until ROSC was observed.

Matthews et al. reported that the predictive value of a neurological examination was insufficient at day 3 and should
be delayed until at least day 5 in patients resuscitated from CA and treated with TH [15]. Bilateral absence of short-
latency  somatosensory  evoked  potential  N20  wave  could  predict  outcome  for  those  patients  at  24–72  h  [16].  For
prognosis of patients resuscitated from CA and treated with TH, a certain amount of time from ROSC is needed. This
preliminary study showed that a combined evaluation of ABR and collapse duration could predict the outcome earlier,
and immediately after admission to the ICU.

The treatment algorithm of this study depended on the previous study [5] in which duration of TH was 48h and the
rewarming rate was slow. The 2015 international guidelines recommended a duration of TTM of at least 24 hours [4].
Kirkegaard et al. reported that there was no difference in outcome between treatment duration of TTM at 24 and 48
hours  [17].  Kochanek  reviewed  many  rewarming  rates  and  concluded  that  optimal  rewarming  rates  have  not  been
determined [18]. Regardless, the results of this study may not be significantly influenced by treatment protocol.

This  study  has  several  limitations.  Confirmation  of  the  correct  time  interval  of  circulatory  arrest  is  sometimes
difficult since the exact time of collapse is not always known. Although collapse time provides the best indication of
ischemic duration, the estimated time of collapse is very imprecise. On the other hand, the exact time of emergency call
receipt  is  part  of  the  core  data  in  the  Utstein  style  and  can  be  determined  from  public  records  [7].  Consequently,
emergency call receipt time was used in this study instead of collapse time and outcome was predicted according to the
amount of time which had elapsed from emergency call receipt until ROSC. Our findings suggest that the time interval
from emergency call receipt until ROSC may be used to ascertain ischemic duration better than from collapse time until
ROSC.  The  sample  size  was  too  small  and  a  Type  II  error  was  indicated.  However,  Oddo  et  al.  reported  that
effectiveness  of  TH  depended  on  duration  of  CA  [11].  Therefore,  from  our  results,  a  shorter  time  interval  from
emergency call receipt until ROSC may relate to good neurological outcome was indicated with some truth, although
the sample size was small.

CONCLUSION

In  this  preliminary study,  the  duration of  ischemia may be  crucial  for  patients  resuscitated  after  an  OHCA and
treated with TH. Combined evaluation by ABR and collapse duration could predict outcome for the post-resuscitated
patients with TH immediately after admission to the ICU.
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